Abstract
Introduction
With the development of remote sensing technology, the high resolution remote sensing images are playing a more and more important role in urban development. From high resolution remote sensing images, the extraction of urban road not only supplies the basic geographic information system, but also helps to extract other objects. It is possible to study the microcosmic district with the operation of some commercial satellites, such as Quickbird-2, IKONOS-2, SPOT-5, and so on. Currently, the high resolution remote sensing images have been widely used in environmental protection, urban planning and intelligent transportation and other fields. Roads extraction in urban areas has become a fundamental issue and trend in high resolution remote sensing images [1] [2] [3] . Remote sensing has become a quick source of information and mass storage for the Earth's surface. Based on the current literature, the road extraction methods include automatic and semi-automatic extraction. On the one hand, the semi-automatic extraction of road mainly focuses on the human-computer interactive mode; the main idea is to provide a point manually as a seed, sometimes an initial direction is provided as well [4] . On the other hand, the automatic extraction of urban road is implemented by the awareness and understanding of road characteristics on the high resolution remote sensing images.
The methods of automatic extraction of road in the dense urban area based on remote sensing technologies include: road edge detection and tracking methods, morphological algorithms and image segmentation, extraction and integration of parallel lines, Artificial Neural Networks (ANN) and genetic algorithms(GA), and the like [5] [6] [7] [8] [9] [10] [11] . So far, methods of road extraction based on remote sensing techniques can be categorized into two major categories, i.e., partial methods and global methods. The former mainly focuses on local image detection; it includes ANN, GA and other approaches that are based on knowledge [12] [13] [14] . The latter based on detection of local area image. Satellite remote sensing images are widely used to detect green fields change and update existing green fields' database and maps. Many extraction techniques have been developed since the early days of earth observation, and these methods can be broadly grouped into three categories [15] : visual interpretation, pixel-based methods and object-based approaches. Visual interpretation using single or multi images require human expertise (computer-assisted or not) for delimiting and labeling zones that are considered as changed or extracted. This method can make full use of an analyst's experience and knowledge. Texture, shape, size and patterns of the images are the key elements for identification of green fields. Digital pixel-based extraction methods provide more quantitative and repeatable information compared to visual interpretation. However, the useful spatial, contextual information between the values of proximate pixels is most often ignored. More recently, object-oriented technology has been proposed for land use change detection to combine the contextual analysis of visual interpretation with quantitative aspect of pixel-based approaches. Instead of analysis pixels independently of their location, similar contiguous pixels are grouped into objects. Although the object-oriented method has high precision of extraction or classification in actual application, it is not suitable for the road extraction in urban area in high resolution remote sensing images.
Our study attempts automatic road extraction from remote sensing images of urban areas in Southwest China. Mountains and hills are the dominant terrain in most cities in this part of China. The urban eco-environment conditions and vegetation cover are much more complex than plain cities in Northern China. While extracting roads, high resolution remote sensing images are distinctively different to other images. The roads will be much narrower in urban remote sensing images and there are side trees on both sides of the roads. These side trees are mainly tall trees and readily identifiable in the high resolution remote sensing images.
Despite current research achievements on urban road extraction, practical implementations are still rather limited [16] . High resolution remote sensing images have rich road and side trees information. Although roads in high resolution remote sensing images tend to be blocked by trees and buildings, utilizing the abundant side tree information, it actually provides a rather plausible approach to extract road information. As such, the research on road extraction based on side trees has great significance to the remote sensing in urban system [12, 17, 18] . This paper proposes a new method to extract urban road in high resolution remote sensing images based on sides trees. The new method consists of data preprocessing, HIS color conversion, binary computation, Noise reduction and mathematical morphology calculation, is the proposed method is different from conventional road extraction method in its general implementation structure. And what's more, this paper also discusses the distinction between the QuickBird image and IKONOS image. On the premise of has the same accuracy, the IKONOS image have greater economic applicability. It has certain directive significance to the selection of high resolution remote sensing images in actual application. The results show that the new extraction method with high resolution remote sensing images based on side trees has a great potential for rapid urban road extraction, especially in urban areas where the morphological characteristics are rather complex.
Experimental image
In this paper, the new urban road extraction method was tested using a QuickBird high resolution remote sensing image. The image has four spectral bands, contains 250 × 350 pixels, and represents an urban area near Chongqing in China ( Figure 1 ). The image information is clear, nice and sunny cloudless. Ancillary data included a land use inventory layer, GIS topomaps aerial photographs, the land use/cover map and a Digital Elevation Model (DEM). In addition, reference data also including the 1:10 000 digital map of the research area. The QuickBird Images have a pan band and four multispectrum bands. The spatial resolution of pan band is 0.61 m, the resolution of multi-spectrum is 2.44 m, and the band range is: blue band (450 -520 nm), green band (520 -600 nm), red band (630 -690 nm) and near-infrared band (760 -900 nm), respectively. Urban fields are grouped into four classes corresponding to four categories of objects: roads, buildings, shadow and side trees, respectively. Apparently, to accurately obtain road information, it is necessary to reduce the other three objects' influences on roads as much as possible during the extraction process.
In order to validate the proposed classification method, the IKONOS high-resolution remote sensing image with 500 × 500 pixels was chose in experimental area. In IKONOS high resolution remote sensing image, the structure of construction land, water, roads and green fields etc land cover types clearly visible. IKONOS images have one pan band and four multi-spectra bands. Where the spatial resolution of pan band is 1 m and its ranges between 450 nm and 900 nm; the spatial resolution of multi-spectra bands is 4 m, the band range is: blue band (450 -530 nm), green band (520 -610 nm), red band (640 -720 nm) and the near-infrared band (770 -880 nm), respectively.
Figure1. A QuickBird image

Methodology
In the high resolution remote sensing image, the various types of road can be seen as gray or brightly narrow belt around the side trees. It is significantly different from the spectrum of surrounding objects and has continuous spectral, spatial and geometric characteristics. The roads were generally shown as long-strip objects. The change in width is relatively small and the rate of curving tends to appear with certain limitation properties. Due to the road surface material, shadows of other objects, and phenomena such as "different objects appear the same" and "same objects produce different spectral values", it is becoming increasingly difficult to extract roads only depending on spectral characteristics [19] . Based on the analysis of the QuickBird image, it is shown that there are side trees on both sides of the main roads in the research area. The direct extraction (semi-automatic) of urban roads is rather difficult. On the other hand, the side trees are easy to be extracted in QuickBird image, therefore, it would be more practical to extract the side trees in remote sensing image and do the noisereducing process, mathematical morphology calculation and realize the automatic extraction of urban road. The software packages used in this study include ERDAS image 9.2 and MATLAB 7.0.
Data preprocessing
The purpose of data preprocessing is to improve the precision of road extraction and reduce the difficulty of treatment later, so as to make sure that the roads are separated from the surroundings as soon as possible [20, 21] . Two preprocessing steps were required for a meaningful comparison of the QuickBird high resolution remote sensing image. Firstly, a co registration of the QuickBird image was carried out with high precision to avoid the misregistration errors inducing false change alter. Depending on the topomaps, a set of 12 to 20 ground control points (GCP) spread over the whole study area were selected from aerial photographs. The Root Mean Square Errors (RMSE) was 0.41 pixels. Secondly, the QuickBird image was converted to brightness map, the translation formula is shown Where R, G, B are red, green and blue bands of the QuickBird image, respectively. The QuickBird image has been converted to brightness image and stretched to local gray level up to 256 gray levels by nonlinear gray adjustment. It was found that in general grayscale values of roads are larger than 145 after preprocessing the image. The threshold was hence set to 145. The QuickBird image was pretreated and the result is shown in Figure 2 (a) . Gray value of pixels that are more than 145 is represented as black, the ones smaller than 145 white.
The regional detection of side trees and binarization calculation
The regional detection of side trees is usually achieved by vegetation index. Vegetation index is but a major simplification of vegetation cover condition on the planet's surface. Since the concept of vegetation index was put forward, more and more vegetation indexes have been proposed over the last 20 years. In general, there are two types of vegetation indexes; one is calculated based on slope, such as PVI; the other one is based on distance, such as NDVI [22] . In addition, according to the practices and development of vegetation index, these vegetation indexes seem to be summarized in three categories: the first category is the indexes based on the linear combination and the ratio of original bands. The influence of atmosphere and soil is usually neglected, such as RVI; the second category is the ones taking atmosphere, soil and vegetation into account based on physical knowledge and developed by mathematic knowledge, physical knowledge and simulation, such as PVI, NDVI; the third category is a new vegetation index for high-spectra remote sensing and thermal infrared remote sensing images, such as DVI, Ts-VI, etc [23] .
Although recent studies suggest that the NDVI index can achieve a good effect on high spatial resolution air photos images, its performance with high resolution remote sensing images in under par [2] . Based on the actual conditions of research area and research purpose of the current study, this research adopts HIS color conversion to detect the side trees region. For the QuickBird image, the formula of HIS color conversion is [24] :
Where R, G, B are red, green and blue bands, I, S, H are the illumination, saturation and hue of QuickBird image, respectively. Each pixel's value of H channel can be gained through mean computation of a 3×3 moving window. After many tests and outfield examination, the threshold formula of HIS can be express as:
While 1 is represented as black and 0 white. The intersection of both HIS images and threshold segmentation are calculated. Finally, the image binaries are processed with threshold value 0.02. The binary image is shown in Figure. 
The noise reduction
As can be seen from Figure. 2 (b), the shadow with lower gray values was diminished after data processing. However, the buildings with higher gray values showed independent plaques and were confused with roads. To distinguish roads from buildings, the area threshold and figure index were introduced. First, boundaries of plaques are drawn; then the area and perimeter of plaques were calculated. In this research the filled threshold was selected in units of 16 pixels, namely 5.76m
2 . The formula of the figure index is:
Where C is the figure index, P is the perimeter of plaques; S is the area of plaques. The most suitable threshold value is found to be 7.49 in this research, plaques that are smaller than the threshold value will be deleted. After the calculation of the figure index formula, the plaques are retrained with the updated conditions for area threshold and figure index. The result is shown in Figure 2 (c).
Mathematical Morphology calculation
Mathematical morphology, based on the algebra of non-linear operators, stands as a relatively separate part of image analysis. In our experiments, it performs in de-nosing better and more quickly than the standard approaches. So morphology algorithm is used for noise filtering after binarization of high resolution remote sensing images [25, 26] . The basic ideas of mathematical morphology are to analyze and distinguish the objects according to the shape and structural characteristics [27, 28] . The mathematical morphology is made up of a set of algebraic operations including: corrosion, expansion, and open-close operations. The operations of dilation and erosion are fundamental to mathematical morphology. The expansion operation is to enhance the image region, the corrosion operation is to reduce the image region, the open operation is to delete the trivial plaques and the close operation is to connect the broken chain or gap [20] .
The mathematical morphology operations used in this research are implemented in VC 6.0 + + as follows. Firstly, noise and stub burr is removed by using basic operation of mathematical morphology-dilation and closing operation. Suppose that A, B are nonempty set in the open operations, the use of B to represent A is recorded as A ο B, the formula can be expressed as:
Suppose that A, B are nonempty set in the expansion operations, the use of B to represent A and it is recorded as A ⊕ B, the formula can be expressed as:
Where B is the reflection of B, which is the formula (9):
)x B ( Is the displacement of B , as shown below.
Figure2. The QuickBird images in the processing (（a）the image after preprocessed. （b）the binary image. （c） the processed image after noise reduction. （d）the image after mathematical morphology calculation.)
Experimental results
Figure3. The IKONOS image
From the QuickBird image as mentioned above, the urban road extraction was achieved through side trees information on the basis of HIS color conversion, binary image, noise reduction and mathematical morphology calculation. In order to elaborate the validity of this method, an IKONOS image of four spectral bands, 500 × 500 pixels and 1m resolution (Figure 3 ), is applied to the proposed methods and experimental tests. The road was extracted by the same method based on side trees, the results are shown in Figure 4 . To obtain the precise numerical evaluating results, all one hundred 
Conclusions
This paper proposes a new method of road extraction using high resolution remote sensing images based on side trees information. Based on the proposed method, urban roads can be extracted from high resolution remote sensing images automatically.
The entire procedure of the method can be summarized as: first, the high resolution remote sensing image was converted to brightness image and stretched with local gray level up to 256 gray levels by nonlinear gray adjustment. Second, the side trees were detected by HIS color conversion method, and then the HIS-processed image was converted to binary image. Finally, the urban roads were extracted based on side trees through noise reduction and mathematical morphology calculation. Empirical analysis suggests that the method of road extraction based on side trees information provides better extraction. Furthermore, the method is characterized with fast calculation, high efficiency and high precision.
Apart from the above mentioned advantages, the proposed approach works well even when the shadows of buildings and tall trees impact upon urban roads' spectral characteristics. The proposed method has very significant and realistic meaning for mountain cities especially in Southwest China as seen in this study. The proposed method is also an important exploration of the automatic extraction of urban roads. Due largely to the complexity and diversity of land cover types, the automatic (semiautomatic) extraction of urban roads in high resolution remote sensing images based on side trees is still in the stage of experimental and theoretical discussion, and it has certain limitations. One obvious limitation, for instance, is that roads cannot be extracted when there are no side trees in the high resolution remote sensing images. In this regard, further work needs to focus more on comprehensive
